The growth, survival and breeding performance of Oreochromis niloticus and Oreochromis macrochir was investigated in earthen ponds under greenhouse conditions at Henderson Research Institute. Six experimental ponds, three in open atmosphere and three under greenhouses were set up. Each pond was further subdivided by hapas to make 12 experimental units of which half were stocked with Oreochromis niloticus and the other Oreochromis macrochir. Fish weights and lengths were recorded fortnightly and feed intake was based on current biomass. Fish sex and breeding activities were noted. Results showed that mean weight gain for O. niloticus was significantly higher than O. macrochir both in greenhouse ponds and open ponds. Feed intake was also higher leading to greater weight gains in the greenhouse than in open ponds. 
Introduction
Tilapia fish are warm water species that have high growth rates and are highly adaptable to a wide range of environmental conditions. They can grow and breed in captivity as well as survive on relatively poor quality feed (FAO, 2010 ). Water temperatures and the level of protein in the diet are important parameters for fish growth (Gardeur, 2007; Mizanur et al., 2014) . Fish growth is directly influenced by the temperature of their aquatic environment (Karadede & Unlu, 2007) . Hence, water temperature has a major influence on aquaculture husbandry practices and it has a profound impact on overall metabolic activity (Gardeur, 2007) . In fish as well other higher organisms, temperature is the major driver of all physiological processes particularly development, spawning, growth, reproductive capacity and metabolic scope (Kausar & Salim, 2006; Brander, 2007 and Xia 2010) .
Under natural conditions, aquaculture production is restricted to the warmer months of the year when temperatures are favorable. Hence, the colder climate requires the additional or supplemental heat to increase the water temperature in order to increase the overall supply of fresh fish from aquaculture. Oreochromis niloticus can reach market size of 500-600 grams in 6 to 8 months under optimum temperature conditions of 28-35ºC (Lucas & Southgate, 2003) . However, the use of O. niloticus is a very controversial issue within Zimbabwe and also within the region. According to Zimbabwean it is Sixth Schedule species and its propagation is illegal due to environmental concerns. Currently, authorities are turning a blind eye but in future legal issues on its use could arise. In Zambia, trials were carried out using Oreochromis macrochir instead, and fish attained maximum growth of 353g in 8 months (Nsonga, 2014) . This growth performance is still less than that of O. niloticus, however it was recommended such indigenous species could still be viable alternatives for O. niloticus. The use of indigenous species has the advantage of minimizing genetic pollution from potentially invasive species such as O. niloticus and also enhance the propagation of indigenous species in natural ecosystems.
Sub-tropical regions of Africa have a well-defined seasonality unlike the more tropical regions, with a cold winters and very warm summers. It has been observed that tilapia fish species in Zimbabwe do not grow well or breed in winter due to low temperature of below 22ºC as compared to countries like Ethiopia where in certain regions, breeding is throughout the year (Hirpo, 2013) . Even in the warm Zambezi Valley, the breeding season of most fish species is confined to the warm season which coincides with other environmental cues such as inflows of freshwater from the rains.
Fish production in sub-tropical regions then tends to be very cyclical with episodes of high production in summer and very little production in winter. The major challenge has therefore been to maintain a constant supply of fresh fish throughout the year due to low temperatures in most parts of the country. There is also need to optimize production even in the summer months where water temperatures may not frequently be in the optimum range. For example, average temperatures in the Highveld region of Zimbabwe, range between 5º C to 18 ºC in winter and 20-27ºC in summer (Zimbabwe Department of Meteorology Services Report, 2007 Report, -2012 . It is evident that these temperatures are not the most ideal for best tilapia growth performance. However in Zimbabwe and so is the case in other sub-tropical regions of Southern Africa, the warm regions also tend to be the most water scarce regions of the country. Both warm temperatures and a good supply of water are key elements to any successful aquaculture operation.
In order to address the problem of water temperatures, greenhouse technology has been put forward as a possible solution. Currently, there is intensive use of greenhouses for fish production in countries such as USA and in Asian countries such as China and also in Israel (Hulata & Simon 2011) . In Africa, some work has been conducted in Kenya (Angienda et al. 2011) and South Africa (Food & Agriculture Organisation, 2012) . No studies have been done in Zimbabwe and keeping water temperature within species optimal metabolic range requirements remains a challenge for most fish farmers in Zimbabwe. Some studies have shown that water temperature in a greenhouse could be increased by 3-9°C (Ghosal et al., 2005 , Zhu et al., 1998 . There is therefore need for more in depth of assessment and the testing of simple technologies to enhance aquaculture production. Adoption of simple technologies has the added benefit of reducing cost and hence increases profits to small scale rural fish farmers.
The main aim of this study was to investigate the growth performance, survival and recruitment of O. niloticus and O. macrochir under greenhouse conditions. The hypotheses being tested were that overall fish performance under greenhouse conditions would significantly supersede that of open ponds. Secondly, the growth of performance of O. macrochir can be improved to be at par with that of O. niloticus under greenhouse conditions. The research hypothesis is that utilization of greenhouses in aquaculture will solve the problem of low aquaculture productivity in natural agro regions I, II, & III, which are generally characterized by lower temperatures throughout the year.
Materials and Methods

Study Area
The 
Experimental design
Six ponds each measuring 8.5m x 6m (56m 2 ) and 1m deep were set up in a completely randomized design with two treatments, open ponds and greenhouse ponds, replicated three times. The dimensions of the greenhouses were 20m x 10m x 2m constructed with 250 microns plastic sheath. Free circulation of air in the greenhouse was achieved by opening of the doors. Water samples were collected fortnightly from each pond using the improvised Ruttner sampler for chemical analysis whilst all physical variables were determined in-situ.
Earth ponds measuring were stocked at the end of July 2015 and trial ran until end of July 2016. Each pond was stocked with 100 fingerlings of O. niloticus obtained from Southcote Estates in Kariba of mean weight 1.7 ± 0.3g and 100 fingerlings of O. macrochir of mean weight 2.6 ± 0.3g, separated haps. Fish were fed on fish pellets at a rate of 5 % of body weight (BW) twice daily and sampling was carried out once in two weeks. A sample was made up of ten fish that were obtained from each pond, weighed using an electronic balance equipped with a high precision strain gauge sensor system to get the precise average fish weight for each species per pond. Total lengths were determined by measuring from the snout to the end of the caudal fin for each of the ten fish using a fish measuring board. New feed requirements were calculated using the new weights every fortnight. The level of water in the ponds was maintained by opening up water from the river through a canal, topping up once every week depending on the rate of evaporation.
Water temperatures (Tw), ambient air (Ta) for both inside and outside the greenhouse ponds were measured every two hours by calibrated mercury filled, glass-bulb thermometer daily and temperature regulated as desired. Once the temperature readings in the greenhouse reached 35°C, curtains were opened to avoid overheating of water that could result in oxygen depletion. Once every fortnight, 24 hour data collection was done to determine the variability of temperature and other essential water quality parameters such as pH, conductivity, total dissolved solids, dissolved oxygen after every two hours for both greenhouse and the open ponds
EXPERIMENTAL OBSERVATIONS Growth Parameters
Growth rate was analysed for the fish both from the greenhouse ponds and open ponds.
The following parameters and formulas were used to evaluate the two tilapia species' growth performance:
Specific Growth Rate (SGR) = 100 × (lnWt -ln W0)/t (%BW/day)
Survival and Breeding
Fish were counted at the beginning of the trial and at the end of the trial in order to determine the survival rate, which was calculated by deducting the number of O. niloticus and O. macrochir that were in the ponds in the greenhouse and in open ponds at the end of the trial. The onset of breeding was assessed by observing for the presence of fry in the ponds.
Feed and Feeding
Feed accounts for 40-60% of the total production costs in fish farming and 35-40% of the feed consumed by the fish is assimilated and turned into fish flesh while the rest (60-65%) is excreted into the water. Fish were fed on a maintenance ration of 5% body mass.
Statistical Data Analysis
Statistical analysis was performed using the program (SAS) Version 9.3, (SAS, 2010). The t-test was used to test whether the means of various parameters were statistically different. The coefficient of variation (CV) was calculated as the ratio of the standard deviation to the mean in order to have a measure of dispersion.
Data on fish weight and length were analysed using a model in the first stage. In stage two. a regression analysis was carried out for each site and fish species to investigate the association between the biological parameters (fish length and weight) and the physical and chemical parameters. The following model was used: Stage 1: Factors affecting fish length and weight yijkl = µ + wi + sj+ (ws)ij + eijkl yijkl is the observation of fish weight or length µ is overall mean due to conditions common to all fish wi is effect of the i th week of sampling (I = 1,2,3,...40) sj is effect of j th site (greenhouse ponds and open ponds) (j =1,2) (ws)ij is the effect of week by site interaction eijkl are random residuals {assumed to be normally distributed in a mean of zero and variance of r 2 e}
Means were separated using the adjusted Tukey's method.
Stage 2: Regression analysis
This was carried out for each site (greenhouse ponds and open ponds) and fish species to investigate the association between the biological parameters (fish length and weight) and the physical and chemical parameters.
i. Regression of physical water parameters on biological parameters was carried out with the following model y = b0 + b1x1 + b2x2 + b3x3 + b4x4 + b5x5 + y is the dependent variable (weight or fish length) b0 is the intercept b1 to b5 are partial linear regression coefficients relating the water physical parameters (independent) to the biological (dependent) parameters x1 to x5 are the physical water parameters (pH, conductivity, total dissolved salts, temperature and dissolved oxygen) For the greenhouse ponds, total phosphorus, ammonia and chlorophyll a showed a significant relationship with O. niloticus length only (Table 5) . On the other hand, only ammonia showed a significant relationship with fish weight in greenhouse ponds. All the other chemical water parameters had no significant relationship (Table 5) . In the open ponds, a significant relationship (p<0.05) was observed between the growths parameters (length & weight), water temperature and dissolved oxygen (Table 5 ). Fish length only had a significant relationship (p<0.05) with nitrates in the open ponds. 
Results and Discussion
Survival and Onset of Reproduction of Fish Species
There were variation in the growth of the fish in the greenhouse ponds and those in open ponds. Sex of fish was determined every time sampling was carried out. Onset of reproductive activities were noted in the greenhouse ponds one and two in October and in open ponds the same activities were noted towards the end of November. At the end of the trial there were recruits from both the greenhouse and the open ponds, however due to the limited numbers and unplanned breeding statistical analysis could not be carried out on this.
Survival varied with species and site, and the results are presented in Table 6 (Pandit and Nakamura, 2010) . Oreochromis niloticus had reduced growth performance at 35°C and 37°C which was attributed to decreased food intake and high rate of gastric evacuation at such elevated temperatures. During the period from December to January there was an increase in water temperatures in the open ponds (average of 25°C), but this was 3.82°C lower than in the greenhouse ponds. This is in agreement with studies that also found that water temperatures 25-30 o C were more suitable for culture of tilapia to obtain optimum growth performance and survival rate (El-sherif et al., 2009; Mirea et al., 2013) . Josiah et al. (2014) also observed that the optimum range for growth and food conversion was 21-28 o C. Mean values of temperature and pH were significantly higher in the greenhouse ponds compared to the open ponds. In contrast, conductivity and total dissolved solids were higher in the open ponds while there was no significant difference in dissolve oxygen during the experiment. Mean values for nitrate, nitrogen and reactive phosphorus were significantly higher in greenhouse ponds compared to the open ponds and ammonium was low during the experiment. Other measured water quality parameters were within the range for growth of tilapia fish species.
The specific growth rate (SGR) values of O. niloticus and O. macrochir in all treatments had a general increase throughout the experimental period. SGR was influenced by temperature, turbidity, sulphates, pH and also differed according to the species. The results showed that the SGR values of O. niloticus and O. macrochir at the end of the experimental period increased by 7.2% and 1.8% in the greenhouse, respectively; and by only 2.2% and 1% in open ponds respectively. The improvement in SGR for the faster growing O. niloticus was notable in the greenhouse ponds, while that of O. macrochir almost doubled from 1% to 1.8% in greenhouse ponds. Some other studies show that Oreochromis macrochir had high growth rates and feed conversion ratio at temperatures above 25°C (Santos et al. 2013; Nsonga, 2014) . Nevertheless, Oreochromis niloticus remained the superior fish in terms of growth performance under both culture conditions, and it outperformed O. macrochir by a large margin when cultivated under greenhouse conditions. Therefore, growth performance indicators also clearly showed that O. niloticus is superior to O. macrochir, with O. macrochir in greenhouse culture only being comparable to O. niloticus in open ponds. The relationship between water temperatures and the corresponding FCR was also evident as fish cultured in greenhouses had a much better FCR compared to those in open ponds. This superior FCR then results in a greater weight gain and better utilization of feed resources for the fish farmer.
The environmental conditions were ideal for the optimum growth. Fish growth rate was highest in the greenhouse. The regression analysis revealed that, there were positive relationships between weight gain and length of fish with temperature and dissolved oxygen in greenhouse ponds for O. niloticus. The analysis also revealed that there were significant relationships between fish size (weight and length) with alkalinity, turbidity, conductivity, chlorophyll a and total dissolved solids in open ponds for Oreochromis macrochir. It is unlikely that these water quality parameters alone have a direct effect on the fish growth in open ponds, but instead, where rather a reflection of the differences between water quality of greenhouse and open ponds. 
Conclusion
In conclusion, the results of this study clearly demonstrated that the greenhouse environment was able to maintain the temperature within the optimum range throughout the study period. This then should enable enhanced production throughout the year as well as improve on growth rates and feed conversion efficiency of the fish. The greenhouse is an essential, efficient, economical and important tool for the optimization of survival, growth and reproduction of O. niloticus and O. macrochir in the cooler sub-tropical regions of Africa. Indigenous fish species like O. macrochir will be difficult to promote for aquaculture given their inferior growth performances to O. niloticus.
